Stable nitroxide radicals protect lipid acyl chains from radiation damage.
The present study focused on protective activity of two six-membered-ring nitroxide radicals, 2,2,6,6-tetramethylpiperidine-1-oxyl (Tempo) and 4-hydroxy-Tempo (Tempol), against radiation damage to acyl chain residues of egg phosphatidylcholine (EPC) of small unilamellar vesicles (SUV). SUV were gamma-irradiated (10-12 kGy) under air at ambient temperature in the absence and presence of nitroxides. Acyl chain composition of the phospholipids before and after irradiation was determined by gas chromatography. Both Tempo and Tempol effectively and similarly protected the acyl chains of EPC SUV, including the highly sensitive polyunsaturated acyl chains, C20:4, C22:5, and C22:6. The conclusions of the study are: (a) The higher the degree of unsaturation in the acyl chain, the greater is the degradation caused by irradiation. (b) The fully saturated fatty acids palmitic acid (C16) and stearic acid (C18) showed no significant change in their levels. (c) Both Tempo and Tempol provided similar protection to acyl chain residues. (d) Nitroxides' lipid-bilayer/aqueous distribution is not validly represented by their n-octanol/saline partition coefficient. (e) The lipid-bilayer/aqueous partition coefficient of Tempo and Tempol cannot be correlated with their protective effect. (f) The nitroxides appear to protect via a catalytic mode. Unlike common antioxidants, such as alpha-tocopherol, which are consumed under irradiation and are, therefore, less effective against high radiation dose, nitroxide radicals are restored and terminate radical chain reactions in a catalytic manner. Furthermore, nitroxides neither yield secondary radicals upon their reaction with radicals nor act as prooxidants. Not only are nitroxides self-replenished, but also their reduction products are effective antioxidants. Therefore, the use of nitroxides offers a powerful strategy to protect liposomes, membranes, and other lipid-based assemblies from radiation damage.